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ABSTRACT 




CJiromosome studies and phylogcnei \e analyses ol morphology, allozymcs, and nrl'^N A-/ 7T sequence 
data were used to resolve taxonomic relationships in the Thclcspcnmi suhnuJiim complex. Ol spe- 
cial interest isihe placement of three globally rare members ol thecomplex: Thclcspcrnuucicspilosuni 
l.puhesccn.sudnd T.suhniulnm viw.cilpinum. The first two rare taxa yield only diploid ( n = l 2j chroiim- 
some counts: I. suhniuluni van dlpinum is consisiently tetraploid (n=24j. Thelcspcnuu suhmulum 
viir. siihn lul n m exhibits both diplokl (n=l2j and tetraploid (m- 24J populations. Phylogenetic anal\- 
scsof individual data sets strongly support iboiMst rap SBAs-WSo) T.suhniulnm var. aipinum as being 
mote closely telated to I. puhcscciis und I . nicspiit^sum than to l.suhuudum var. suhniuluni. C.,('>m- 
binec7 analysesgive the strongest support ( bootsi rap lOOTq lor t he clade ol T. puhcsccns. T. cacspiUuu ni 
and T. suhn lul u m vdr. u I pi n u ni. Pre'l i m i nary e\hde nee suggest s i hat /. suhn lul u ni \xut u I pi n u ni ma\' be 
an allotetraploid resulting from hybridization between T /u(/>e.sauLS and T. suhniuluni. Based on the 
axailable evidence, \\c' piopose the tolh^wdng ncjinemclatural changes: Thclcspctitia puhcsccns Oorn 
\'ai. caespitosum (Dorn j C.J. Hansen, stat. nov. aiul Fhclcspcnna windheutiu C.|. Hansen, nom. et stat. now 

K'pv W oRos: / hclcspernnc Asteraceae, nrDNA-/ / ^sequences, phylogenetics, and systcmatics. 



RIcSl cMBN 



Sc han usado estudios cromosomicos y analisis I ilogeneticos de datos morfologicos, alozimas y de 
secuencias de nrDNA-1 IS para tratar de resolver las relaciones ta.xonbmicas dentro del complejo 
/ hclcspcrmu suhniuluni. IV especial interes cs la posicieu'i taxonomica de los tres miembros del 
complejo: I hcicspcnnu i acspiu^suni. I. puhesi c ns y 1. suhniuluni vur. (.ilpinunc considerados 
globalmente raros. Losdos primerostaxa mostrart^n .solamente poblacionesdiploidesfn = 12), mieiitras 
que I. suhniuluni var. cilpinuni se nu^sirc') consiantementc como tetraploide (n = 24). Thelcspcrnui 
suhniuluni viir suhniuluni mostrotanto poblaciones diploides ( ii = 12) como tetraploides (n -24). Los 
result ados del analisis t ilogcnetico dc dilerentes 1 1 pos de datos soportan mas fuertemente (bootstrap 
88%-Q9%) el agrupamiento de T var. ulpinuni con T. caespilosum y T. puhcsccns. que su 

agrupamientc:) con T. suhn lul u m var. suhn luhun. I .os analisis com bin ados incest raron el maxi mo soporte 
(bootstrap 100%) para el dado com puesto por 1. suhnucliini var. iilpinunc T. caespitosum y T. puhcsccns. 
Evidencias preliminares sugieren c|ue 7. suhmulum var. aipinum podria ser un alotetraploide 
resultante de la hibridacion entre T.suhnudum y T. puhcsccns. Deacuerdocon laevidenciadisponible 
proponemos los siguientes cambios nomenclat males: Thelcspcnna puhcsccns Dorn var. caespitosum 
(Dorn) C.J. Hansen, stat. nc^v. y Thelcspcnna winclhamii C.J. Hansen, nom. et stat. nov. 

Pai AI3RAS c;t.AVL; 7 licicspcnmc Asteraceae, nrDNA-/ / Ssecuenciacion, filogcnetica y sisiematica. 
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TIu'Icsjh’ i niLi Lessing (Astcraccac: I lei iant heae, C.oreopsidi nae ) com prises about 





: re n n u 




Libshrubs rare), native 

to south-central and western North America and warm-temperate South 

America (Melchert 1963; Bremer 1994a). The genus is thought to be monophyl- 

etic based on shared characters such as strongly dimc^rphic involucral bracts, 

rom 1/3 to 1/2 their 

engths, opposite leaves, and pnppi that are absent or composed ol hispid or 
serrulate awnslBremer 1994a). Previoustaxonomicstudiesol I'hclcspcnmi have 
locLised on morphology (Shinners 1930a, b; Alexander 1933) and cytology 
(Melchert 1963;Greer 1997; Greer Nr Powell 1999)and were nor explic 



sea nous-mar 







ast work on the genus has identilied some speciesgroups 
ic. One ol these is the Thclespernni siihiuulum corn- 



genetic. 

that mav be mono 

y 

plex, wh ich is restricted to the Colorado Plateau and areas adjacent to t he Rock) 
Mountains in western North America (Pig. 1). This group includes live com- 
monly accepted taxa: T.suhniuliim A. Gray var. .suhiiiidnm, l.suhniulum A. Gray 
var. (d/u'/ium S.L. Welsh, 7'. piihcsccns Dorn, T. uicspilosunt Dorn and f. 
/m/rgifidOoM Rydb. Features used to distinguish members ol the /. suhiuulum 
complex are given in Table 1. 

Delimitation ol taxa within the 1 hclcspci nui suhniuluiu complex has var 



ied, and at least three classil ications ha\’e a 




2). Dorn (1990), who 



discovered and named T. puhcsicns atul T. cticspitosiim, reccygnized each as dis- 
tinct species. He treated I. nuugind/mn as a separate species and accepted 
alpiniiiu as a variety ol T. sulvi ucluni. In the 2nd edition ol A UUih /diu d, Welsh 
er al. (1993) classified both T. ccicspilosum and T .submuhnii var. dlpinum as va- 
rieties of T.suhniidum; T. mcirp^imitum and T. puhcscciis were not treated because 
the former is not known I rom Utah and discovery ol the latter in Utah post- 
dates publication of the flora. Cronquist et al. (1994) recognized only I 
siilvuuliim and T. pubcsccnScU the species le\’el; Tcdc.spild.siim and T. ^uihmiclum 
var. d /pi II II d! wereincluded within T. pn/^c.st'cn.s, and I. niurgiiuitiini \s’astreated 



as a variety ol T. suhiuiduni 

J 




:ations result from dil tering interpretations ol the 



available morphological and cytological inlormation. Additional genetic data 
(e.g.,allozymc and DNA)are needed toallowan informed choice between com- 
peting taxonomies. The need to pursue these studies has been heightened re- 
cently by conservation concerns. Thclcspcnua puhcsccus, T.cacspitosiiniiind I. 
suhnucliuu var. alpinuni are rare taxa restricted to a few localized populations 
(Fig. 1). All three have been listed as potentially endangei 
U.S. Fish and Wildlife Service (U.S. Dept, of Interior 1985. 1993). The accumula- 
tion of genetic data is an important step in determining their eligibility lor ted- 
eral protection under the Fndangered Species Act. 





Our objectives in this study are three 




inc genetic 




or members of the Thclcspcrnia suhniulitni complex, 2) to analyze the data in 
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Fig. 1 . Distribution of taxa in the Thelesperma subnudum complex. (Modified from Dorn 1990 ). 
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l.Seleclcci nior[)lK)k)qical, ecoloqicaL (irul dislributional leaUiics dislinquishinq tdXci ol llie 

C( 3 mplex. Modified from Dorn 1990. 





Taxa 



Leaf segments Pubescence Heads 



Rootstock Habitat Elevation (m) 




/. subnudum lorig, Inroad none 



1 seveial, 



sornew 




coimmon, 



1050 2310 



ladiate creepiiK ) sandy soils 

(rar(dy) 



discoid 



1. subnudum 
var. nipinum 


sljorp nai row 


lower 
sterJTS 
& leaves 


1 (2), discoid 


sorriewhal 

creepinq, 

branched 

caudex 


s|.)ecialized, 
Carmel 
For rdT. Navajo 
Sandstone 


1 83()- 2680 


1. mufqinatum 


(dncj, broad 


none 


1 sever cdl, 
discoid 


somewl'ial 

creepirjq 


c ormmon, 
sandy out 
wash 


,?1 .A)-. ’835 



F.i)ubescens 


sIjoi (, narrow 


leaves 


1 (2), discoid 


Idranclv'd 

caudex 


specialized, 

weatfjered 

Bishop 

Tordqlordderate 


:m 30 


.>715 


1. caespilosum 


short, narrow 


petioles 

(lower 

blade) 


1 (2), discoid 


branched 

caudex 


s|jecialized, 
whitish shale 


1 ,’.A) 


2o80 



concert witli morphology to produce un explicit plniogenetic hypothesis lor 
these taxa, and 3) to compare that h\ pothesis to existing classilications and 
propose any desirable taxonomic changes. Through this process, vve hope to 
shed light on the relat ionsh i ps and possi hlc origi n ol 1 . suhn lul iwi vat. u I pi ii u lu, 
the rarest and most enigmatic member ol the group. 



MATliRIAl. A. NO MET MOM tS 



Determination of Chromosome Niimbers/Ploidy Level 

Ploidv levels were determined lor all taxa in the T. suhiiiuluni complex using a 

J 

combination of chromosome counts and analyses ol allozyme banding pat- 
terns. For chromosomal observations, capitula (in bud) were obtained I rom I ield 
populations and fixed in Farmer’s solution (3 partscthanohl part glacial acetic- 
acid). Chromosome counts were made from meiotic figuresobtained usingstan- 



:s and acetocarminc staining (.Turner & Johnston Idtsl; 




dat'd sc|uash tec 

Strother 1972). l^reparations were exatnitied imdcr ithase contrast oti a Zeiss 

es were saved electron i- 




Axiopland Microscope. Images ol 

cally using Zeiss linage''^ sol twarc I rotn Carl Zeiss, Inc. 

In populatiotis lor which flower buds were utiavailable, ploidy level was 

determined by careful examination ol allozytne banditig ititensities across a 

varietv ol enzvmes (Darizmatm Cr bogart 1982a; nessauer Cr Cole 1984: Pr\'er 

' ^ .1 

iSr 1 laufler 1993). Because allozvme markers are additive, codotnitiatit, and 
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Tabu 2. Previous taxonomic treatments of Thdi:'’,perma subnudum and allied taxa. 



Dorn (1990) 


Welsh etal.(1993) 


Cronquist etal.(1994) 


T. subnudum var. subnudum 


T. subnudum var. subnudum 


T. subnudum var. subnudum 


T. subnudum var. alpinum 


T. subnudum var. alpinum 


T. pubescens 


T. pubcscens 


Not treated 


T. pubescens 


/. coespitosum 


T. subnudum var. caespilosum 


T. pubescens 


T. marginatum 


Not treated 


T. subnudum var. marqmotum 



inherited in a Mendelian lashion, the expressions of alleles at various ploidy 
levels are expected to be proportional to their gene dosages. In our study, chro- 
mosomal ly documented diploids in Tlicicspermci always showed balanced band 
patterns at heterozygous loci. It a heterozygote showed unecjual band intensi- 
ties ol 3:1 (in a monomeric enzymej or 9:4:1 (in a dimeric enzyme), the parttcu- 
lar individual alu^ays proved to be tetraploid (the only type ol polyploid en- 
countered during our studyj. Thus, chrotnosomally unknown populations 
could be assigned toa spccilic ploidy level based on the presence or absence of 
unbalanced heterozygous allozytne patterns. 

Morphological Data 

Our coding of morphological character states is based on observation of ap- 
proximately 300 herbarium sheets I rom ASC, BRY, GH, MONTU, NMU, NY. RM, 

UT. and UTC (herbarium designatoi's 




ow Holmgren et al. 1990). These data 
were supplemented by information obtained from Melchert (1963), Welsh (1983), 
Dorn (1983, 1990), Jansen et al.(1991 ), Ryding& Bremer (1992), Welsh et al.(1993), 
Croncjuist et al. (1994), and Karis Nr Ryding (1994). Ingroup taxa included T. 
suhn lid um var. suhn ud u m, T. ^ubn ud u ;ii var. a I pi n u m, T. puhcsccns, T. caespi tosu m, 
and T. marginatum, plus the related species T.fi I ifol in m(Hook.) A. Gray, T. longipes 
A. Grtty, and T. mcgapotamicum (Spreng.) Kuntze. Bidens has been identified as 
a possible sister genus to Thclesperma ( R\'dingiYr Bremer 1992) and two species 
ol that diverse genus, B. ccrnua L. and B. fnmdosa L., were chosen as outgroup 
taxa. A total ol 16 characters (14 binary and 2 multi-state) was included in the 
morphological analysis (Tables 3, 4). 

nr DNA-ITS Sequence Data 

Samples used in the DNA study are idcntilied by their GenBank accession num- 
bers in Table 5. ITS sequences for the outgroups Bidens ccrnua and B. frondosa 
were obtained I rom GenBank: voucher data lor these collections can be found 
in Ganders et al. (2000). The ITS sequences lor all Thclesperma taxa were ob- 
tained directly by extracting total DNA I rom the leal tissue of dried specimens 
using a basic GTAB extraction protocol (Hillis et al. 1996). Two different indi- 
viduals from each taxon were sampled in order to check lor intraspecific differ- 
ences. The ITS-1 Gr 2 and 5.8S regions were amplil ied using the polymerase chain 
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I Ai'Li 3.Morplioloqic<)l characters and cliaracter slates used i 
treated as unordered. 




()( jc'fietic analysis. All diarac ters 



1 . Herbs (0); subshrubs (1 ). 

2. Perennial (0); annual (1). 

3. Plants with ta[)rools, sornetimes cree[)inq (0); fibrous roots (1 ); rhizomes (3). 
3. Plants withoui zi branching caudex (());[)lanls with a brancliirui caudex (1). 



5. Plants not marcesrent basally ((3); plants m<ucescent basally (1). 

6. Leaves cauline (0); leaves basal, imucl'i reduced distally (1 ). 

/. Leaves simple, entire or dentate only (0); leaves pinnately or ternately lobed (1). 

8, Leaves qlal)ious (0); only leaf petioles or le.d margins pulaesuM it ( 1 ); leaves pubescer^t 
thr'OLighoul (2). 

9. Inner involucral hicrcts essentially free (0);inner involucial bracts connate 1/5 or more (1) 

10. Inner involucral bracts without scarious margins (0); inner involucral bracts with scarious 

margins ( 1 ). 

. Capitula wiUi ray llowers (0);capitula witliout ray flowr 
1 2. Disc florets eriu 



rs 




I iramni lorlK/ ( 1 



13. Cypselae straicjlu (0);cypselae incurved (1). 

14. Cypselae pubescent throughout ( 0 );cy[ 3 selae glabrous or 

15. Pappus present (0); |)appi.is absent (1). 
lb. Ster'ns pubescent (0); stents glabrous (1). 



apicallv pubescent only (1). 



Table 4, 




Variable characters are coded as'v' 




/mu. Characters as listed inTal)le 




Taxa 



Character Number 

12345 67891 11111 1 

0 12345 6 



Biclens cernua 
Bidens frondoso 
fhelc'^permu CAie^pilnsum 





Thelesperma mcuqinatum 

mecjapoliuv'u am 
ll)clesperma pubesc e/ r s 
Thelesperma subintdum 
Thelesperma subnudum yawalpinum 



0 1 1 00 00000 vOOOO 0 
01100 01000 10000 0 
{)()() 1 1 11 1 1 1 10111 1 



01 000 01011 OHIO 1 



10000 1 101 1 10110 



OOOOO 1 101 1 101 10 1 
00200 01011 11110 1 
0001 1 11211 10111 1 

00000 1 101 1 vOl 10 1 

0001 1 1 101 1 101 10 1 



reaction (PCR) and two primers in a 1:1 ratio. Primers used in PCR amplil ication 
and DN A sequencing were IT5-4 (White et al. 1990) and a modified sequence o( 
/TS- "a (White et al. 1990). The latter, designated IT5-P 
TGA ACC TT/\ T(u\ TTT AC (P. IJrhatsch, pers. comm.). The lollcawing PC'R cy- 
cling protocol was used in amplil ication: a 95°C hot start lor 12 min.; 40 cycles ol : 
95'C (or 20 sec., o4 C' for 30 sec., and 7 VC for 1 min.; a 4 min. final extension at 




HANSEN ET AL., BIOSYSTEMATICS OF THE THELESPERMA SUBNUDUM COMPLEX 



77 



V 



S 



t 



73°C; and ending with a hold at 4°C. To confirm base positions, the ITS-l & 2 
and intervening 5.8S regions of Thclcspcnmi were sequenced in both directions. 
The contigs, or unidirectional sequences, were assembled using Sequencher 
(Gene-Codes, Ann Arbor, Ml) and visually checked. Base positions that gave 
equally strong, contrasting signals on both strands were coded as ambiguous 
according to the lUPAC-lUB ambiguity code set included in the program 
Sequencher. All characters were coded as unordered, and gap characters 
were treated as missing data rather than a fifth character state (Baldwin 1993). 

Allozyme Data 

An electrophoretic survey was performed to analyze allozyme variation at a 
ariety of enzyme loci. A total of 765 plants were sampled from 25 natural popu- 
lations (about 30 plants/population) representing all taxa in the Thelespcrma 
siilmudum complex, T. longipcs A. Gray, and one outgroup population of Bidcn 
eniiia L. (Table 5). Fresh leaf material was collected in the field and kept on ice 
until returning to the laboratory (2-3 days maximum). Tissue was then ground 
usinga mortar and pestle in the phosphatc-PVPextraction buffer of Soltiset al. 
(1983). Extracts were absorbed onto wicks cut from Whatman 3MM filter pa- 
per and stored at -80°C until electrophoresis. 

A total ol 19 enzymes was surveyed electrophoretically for variability. Six 
enzymes, representing 11 putative loci, provided consistent, interpretable re- 
sults. Two buffer systems were used to resolve these enzymes in 11.5% (w/v) 
starch gels. A tris-citrate/borate buller system (System 6 of Soltis et al. 1983) 
provided good resolution for leucine aminopeptidase (LAP), phos pho- 
glucoisomerase (PGl), phosphoglucomutase (PGM), and triosephosphate 
isomerase (TPI). A pH 7.5 modification of the morpholine-citrate buffer system 
of Odrzykoski and Gottlieb (1984J was used to resolve malate dehydrogenase 
(MDH) and shikimate dehydrogenase (SkDH). Staining schedules and proto- 
cols followed Soltis et al. (1983) and Murphy et al. (1996). 

Genotypes were inferred directly from clcctromorphs observed on the 
stained gels, based on the assumption that enzyme substructure and compart- 
mentalization parallel those observed in other flowering plants(Gottlieb 1981). 
When enzymes showed more than one allozyme locus, the most anodal (fast- 
est migrating) locus was designated number 1, the next fastest number 2, etc. 11 
more than one allele was present at a locus, the most anodal allele was desig- 
nated u, the next fastest h, etc. 

In a departure I rom common practice, the allozyme alleles detected at each 
ocus were coded as present or absent lor each taxon and included in a phyloge- 
netic analysis. Although advocated by some (Mickcvich & Johnson 1976; 
Mickcvich & Mitter 1983; Buth 1984), this approach has been criticized by 
Swoflord et al. (1996) because it violates the assumption ol character indepen- 
dence. Similar treatment ol allozvme data from Miimilus sect. ErythratUhe 



J 
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S. l\)pulaiioi'is used iii friorpholoqy, allo/vf^'ie, and nrDNA-ITS studies ol ThelespenVii. Letters 
before collection nu udders identify tlie following collectors: H ~ CJ. Hansen; S - CJ. Stuldawi; W ^ 
M. D. Windliam; Wo I . Allf)hin Woolstenluilme. All voucliers are deposited at the Univefsity of 
Utali herl)arium (Ul ) ufiless otherwise indicated by upper rase herbarium designators (Isased on 
Holmqu'n el al. 1990) following the collection numbers, x no allozynus samples. 



Taxa (Code) Geographic origin & voucher Allozyme Sources for DNA 

sample (GenBank#) 
size 




T. til i folium 
vac lililoltum 



( I heal) Utair Duchesne Co.; 

H und j c/ SO 

( 1 licaO) Wyo: .Sweetwater Co.: 

H Lind S / 

iTtdi2) Tex- Pot tel Co.: 



SO #AY017SC)1 

SO //AY01/.S60 

MYOWSoS 



var. inlL'iinixliiim 
T. lonqipes 



(Thfil) 




Wyo: Goshen Co.; 

Nelson d%dd (RM) 

NewM; Dona Ana Co.: S AY5 
Tex; Culberson Co.; tiiqcfins 
/AGG’(BRY) 



X 



l/AYOl 7Sh4 



M > 



''ll 



#AY01 7SSS 
#AYQ] 7354 



T. mi.iKjmuium 



1. mecjuih itumiL.um 



T. pubesc L’ns 



T. sutinudiim 



(TIimaY) 



(1 lirna 1 ) 



( ] iuiu' 1 ) 



( I lirneT) 



( 1 h[xi 1 ) 
( Ilipu2) 



( !hsu2) 



Wyo: Frmnont Co.:/T / T2 
Wyo; Natrona Co.: HLitlmun 

TS50U (RM) 




Utah: San Juan Co.: Alwood 



) ) S ^ ■ 



■' z J S 




>n 



Wyo: Sw(.mtwater Co 
Hands JOI 



Wyo: Uinta Co.: H and S e ' / / / 
Wyo: Uinta Co.: H iind S e/ / / / 



Af i/;C(K. onino Co.; IVo 

and hi ]‘1l 

Ariz: Coconino Co.: I Vo 
(^nd H 

Ariz:( oconino Co.: Wo 
and INK' MS 



Ariz: Mol'iave Co.: i V c / g 
Ariz: Mohave Co.: H et al. ' 42 
Ni‘v: C lai k Co.: IM as .’•//’ 

Utalv CarT)on Co.: W and 
HecMI ?4 1 7 

Utalr Dudiesne Co.: H lhuI 
Nielsufi 



Utah: bmei y Co.: ti and Wi 'S ’ no 
Utah:Gartield Co.:/ / 7^.i 








30 

30 




1 1 

*5 





#AY01 735/ 

WAYOl 



#AY0 1 73h(;i 



«AY01 73b/ 



#AY0l 73S8 
WAYOl 7 3S<i 



«AY01 7351 



I oniinut’d 



HANSEN ET AL„ BIOSYSTEMATICS OF THE THELESPERMA SUBNUDUM COMPLEX 



79 



Taxa 


(Code) 


Geographic origin & voucher 


Allozyme 

sample 

size 


Sources for DNA 
(GenBank#) 






Utah: Grand Co.: H and W 97 o9 


30 








Utah: Uintali Co.: H and 


30 








Niidsen 97-7? 








(Thsu4) 


Utah;Washington Co.: 


36 


#AY017352 






H cl al. 97-4 S 










UialxWayne Co.: H and W 97 57 


30 








Utah: Wayne Co.: H and \N ^C7 68 


23 




Veor.a/pi/ujm 

1 


(Thwii ) 


Utah: Wayne Co.:/-/ 97-73 


31 


#AY0173o.? 






Utah:Wavne Co.:H 97-74 


30 






(Thv^’2) 


UtaIrWayne Co.:Anclerson 


X 


#AY01 7363 






922 (BRY) 






Bidcnh cernuo 


(Bice) 


Utah: Utah Co.: H 97- 144 


30 








Ganders et al. 20(30 


X 


#U67098 


Bidens frondoso 


(Bifr) 


Utah: Utah Co.: Welsh 60S (BRY) 


X 








Ganders et al.2000 


X 


/IU67094 



(Windham unpublj produced a phylogenetic tree highly concordant with in- 
lormation from other sources, suggesting that these data may contain a strong 
phylogenetic signal in spite ol their perceived limitations. The allozyme analy- 
sis undertaken here is presented as an experiment to lurther assess the value of 
enzyme data in phyk^genetic reconstruction. 

Phylogenetic Analyses 

All phylogenetic analyses were performed using the computei' program PAUP 
(Phylogenetic Analysis Usi ngParsiniony, version 3.1: .Svvollord 1991) utilizing ran- 
dom stepwise addition. Only the shortest trees were retained in each search. 
All characters were considered unordered and given cc|ual weights, with multi- 
state characters treated as ‘uncertain.’ Characters and character states were 
tracked, organized, and manipulated using the computer program MaeChule 
3.0 (Madclison & Maddison 1992). Nodal support in each topology was deter- 
mined bylOO bootstrap replicates (BS; Fclsenstein 1985), as well as by calculat- 
ing Bremer support values (BV; Bremer 1988, 1994b). 

Separate and combined phylogenetic analyses were conducted on three 
data sets: morphology, n rDNA-ITS sec|uences, and allozymes. Examining all 
relevant data in a combined fashion can produce a more robust estimate ol 
phylogeny than separate analyses by maximizing congruence among different 
soLircesof data in phylogenetic inference (Hillis 1987; Kluge 1989;deQueirozet 
al. 1995; Nixon (SrCarpentcr 1996). To estimate levelsof congrucnceamongdata 
sets, incongruence length dil lerences (IPDs) were calculated (Mason-Gamer & 



80 



BRIT.ORG/SIDA 20(1) 



Kellogg I Q^)('); Johnson Kx Soltis I'ilQS). This index measures the amount ol extra 
homoplasN' that results Irom the combination ol two or more data sets, as de- 
scribed by Mickevich <Sx karris Ub81) and Farris et al. U.9b4, 1.995). The ARNIT 
program in the Random Cdadistics sol twarc package tSiddal I 1995) was used to 
determine the sicnil icance ol ILHs. a- values less than 0.05 were considered sul - 

o 

licient evidence to reject the null hypothesis ol data set homogeneity. Com- 
bined analyses included only those taxa common to all phylogenetic data sets. 



Rr..skl.Ts 



Chromosome Data 

All indix’iduals sampled Irom populations ol 7. /m/H'.scni.s' and T. aicspilosiim 




to 




Inch 



\ 




.S S 



.’ counts ol M = 12 (Table b; Figs. 2/\-B). 

am pled Irom populations ol T.^iilvuichtm var. Lilninum consistent! \' 



wci'c tetraploid with n = 24 (Fig. 2C). Our analyses revealed that some Colorado 
Plateau populations of T. suhniiJitm \ ar. suhinulun} are diploid (n = 12; Fig. 2D) 
whereas others are 




' tetraploid (n=24; Fig. 2FJ. Although the geo- 
graphic ranges ol these cytotypes overlap and both appear to be common 



(Windham, Hansen, Cr Allphin unpubl. data), we ha\'c yet to idenril)'a localit)' 
w'here they occur together. Both ploidy levels ol T. suhn luhini var. sitlvnuiuni arc 
represented in the morphological, DNA, and allozx'me analyses that tollow, 

A chromosome number was not obtained directly tor /. nuirpi natuni and 
no previously published counts were lound in the IiilIcx Io Flcint Chromosome 
Numbers. 1 lowevcr, an analysis of allozyme banding intensities in our collec- 
tion Irom Fremont Co., Wyoming, provided strong evidence that the plants at 



thi 



s 




' are diploid. This sample ol T. meuvinatum showed only balanced 




ng patterns, as is ex 




organ isms ( Da nzman n 



Cr Bogart 1982b; Wendel &r Wceden 1989) and observed in all chromosomally 
veril icd diploid populations ol Thelespernui. 



Morphological Data 

Parsimony analysis ol !(■> morphc)logical characters yielded two most-parsimo- 
nious trees, the sti'ict con.sensus ol which is shown in Figtii'c 3. Relative to the 
outgroup species chosen, Thelespernui was strongly supported as a monophyl- 
etic gi'OLip (BV'=(s, B.S=10tV’o), 




erma 




duces a trichotomy that scjxarates T. mepcipolcimieum and T.JiliJoli um (both with 



uncc|ually lobed disc florets and a 




appus) Irom the other spe- 



cies. The clade enc 




e remaining taxa is weakly supported (BV=1. 



BS=7()%), branching to lorm a polytomy in which each taxon (wdth the 




tion noted below) occupies its own unresolved branch. The c>nly deviation Irom 
this pattern is the grouping ol T. eaespitosuni T. piiheseens, and T sulmuclum var. 
alpinum in asinglecladc with strongsupport (BV=2, B.S=884 d). Within thisclade, 
the last taxtm is moderately supported as sister to Tuiespitosum an 




)c.srcii.s. 
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Table 6. Chromosome counts on taxa belonging to the Thelesperma subnudum complex. Apparent 
first counts for a taxon are marked by a double asterisk following the relevant name. Letters before 
collection numbers identify the following collectors: H = C.J. Hansen; S - C.J. Slubben; W - M. D. 
Windham;Wo L.AIIphin Woolstenhulme. 



Thelesperma caespitosum Dorn (- Tpube'^cein Dorn var. coesp/fosum (Dorn) C.J. Hansen)** 
n=12 Utah Duchesne Co. 1.2 mi upjeep road to Anthro Mtn.from Chokecherry 

Canyon (T7S, R4W, S 1 8); H and 5 9/ 80 (UT) 

n = ]2 Wyo Sweetwater Co. ca. 3.3 mi past bridge on dirt road to Scott's Bollorn 

SB of Green River (T18N, R106W,S31);/-/ andS 9/ 9/ 
(UT) 



Thelesperma pubescens Dorn (= T. pubesten^ Dorn var. pubescens)** 



n 


12 


Wyo 


Sweetwater Co. 


n - 


12 


Wyo 


Uinta Co. 


n - 


12 


Wyo 


Uinta Co. 



Thelesperma subnudum Gray 



n = 12 



Ariz. 



Mohave Co. 



n - 24 Utah Washington Co 



ca. 0.3 mi S of switchback on dirt road leading up to 
Cedar Mtn. Summit (T1 3N, R1 1 2W, SI 0) Hand S 97- 
101 (UT) 

ca.0.6 mi past left fork to Sage Creek Mtn. (T 1 3N, 

Rl 13W, S3): HorrdS 97-/ n (UT) 

NF summit of Hickey Mtn. at radio tower (T 1 3N, 

R1 14W, S13):/Tt,r/ic/S 97-/ /7(UT) 



W of Wolf Hole Valley ca. 3.85 km ENE of Mustang 
Knoll (T39N, R1 2W, S3 1 ):Ha, 5, Wand Wo 97-43 (UT) 
W base of Smithsonian Butte (T42S, R1 1 W, S2]);H, S, 
Wand Wo 97 43 (UT) 



Thelesperma subnudum Gray var. alpinum Welsh (= T. windhamii C.J. Hansen)** 



n = 24 


Utah 


Wayne Co. 


WSW ofTeasdale near the base of Boulder Mtn. 
(T29S, R4E, 520); W93- 144 (UT) 


n = 24 


Utah 


Wayne Co. 


ca.0.6 mi W of State St. in Teasdale on road to 
Rullberry Creek (T29S, R4E, S21);H 97-73 (UT) 


n = 24 


Utah 


Wayne Co. 


( a.0.8 mi S of SR 24 on dirt road to Government 
(. reek (T29S, R4E, SI 8); /3 97- ,74 (UT) 



ITS Sequence Data 

Of 663 characters (aligned length), 61 were variable, and 6 were phylogeneti- 
cally inlormative. The sequence ol Tccicspitosum was incomplete with approxi- 
mately 87 bp missing compared to the other sequences. Possible non-specific 
amplilication of the JT5 region in T. caespitosum resulted in a double signal on 
the chromatogram. Multiple attempts to re-extract DNA and obtain a clearer 
signal lailed. To determine if there was a loss ol phylogenetically informative 
characters in the missing region of T. caespitosu mjwo diHevent sequence length 
scenarios were analyzed. The lirst scenario involved aligning all sequence 
engths equal to that ol T. caespitosum (i.e., no ga]\s in T. caespitosum but with 
an 87 bp truncation in all other taxa). The second scenario was to align full 
sequence lengthsinall taxa except T. caespitosum (i.e., 87 bpgapin T.caespitosum 
only). In both analyses, the same single most-parsimonious tree was obtained 
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Fig. 2. Photomicrographs of chromosomes from four taxa in the Thelespermo subnudum complex. A) I pubescens, n=1 2 
(= yar. pubescens, B) I caespitosum, n=12 (= I pubescens var. caespitosum), C) I subnudum var. alpinum, n=24 (= I 
windhamii), D) I subnudum, n=M, E) 1 subnudum, n=24. 
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2 




1 



I 

L 



T. pnhescens 
T. caespitosum 
T. subnudum 




var. alpinum 

- T. marginatum 

7! sub nudum 

- T. longipes 

T. megapotamicurn 
1\ filifolium 
B. frond osa 
~ B. cernua 



Fig.3. Strict consensus of 2 most-parsimonious trees based on morophological data. Bootstrap values are above the line, 
Bremer support values below. Length^ 19, Cl= 0.947, Rl= 0.941 . 



(Fig. 4). Furthermore, bootstrap support only differed by 1-2 percent, being 
slightly higher in the second scenario. These results suggest that very lew phy- 
logenetically important charactersarc located in the 87 bpgapof T.ccicspitosum 
and subsequent combined analyses utilized the second scenario alignment. 

The topology ot the single most-parsimonious tree from the ITS sequence 
analysis was similar to that derived from morphology ( Figs. 3, 4). The mono- 
phyly ol Thelesperma is again supported by a 100% bootstrap value; Bremer 
support in the ITS data is significantly higher (BV=16). The only topological 
difference between the morphological and ITS trees involves the placement of 
T. filifolium. In the ITS analysis, this species lor ms a clade with all Thelesperma 
other than T. megapotamicurn on a relatively well supported branch (BV=2; 
BS=86%). As in the morphological tree, all taxa on this branch form an unre- 
solved polytomy with the exception ol 7. pubescens, T. caespitosunr and T. 
subnucl um vdv.alpi num. Support for this clade is significantly higher in the ITS 
tree (BV=5; BS=99) and, once again, T. subniidiim var. alpinum receives moder- 
ate support as the sister taxon of T. caespitosum and I. pubescens. A comparison 
of pair-wise distances based on the aligned ITS sequences shows very little di- 
vergence among these rare taxa (Table 7). 

Allozyme Data 

Missing allozy me data made up 5.3% of the total data matrix due to poor stain- 
ing resolution of SKDI I and PGI in populations of T. marginatum and T. longipes. 
The results of a phylogenetic analysis based on presence/absence data yielded 



84 



BRIT.ORG/SIDA 20(1) 



95 

5 





I 



4 



79 



1 



I 

1 

( 

I 




/’. piihcsccns 



T. ciicspitosum 



T. siihndwn 
var. alpimim 

1\ mar^inahim 



T. suhnudum 



1\ lon^ipes 



H. cerniui 



Fig. 4. Single most-parsimonious tree from an exhaustive search based on ITS sequence data only. Bootstrap values are 
above the line, Bremer support values are below. Length= 70, Cl= 0.986, Rl= 0.968. 



a slni^le most-parsimonious tree (Fig. 5). Relative to the outgroup speeies Bidens 
ce/'HikU the subset of Tlu’lcspcrmu taxa ineluded in the allozyme anaK sis lorm 
twodistinet elades.Oneeonsistsol the three raieendemies, whieh show a strong 
assoeiation (BV= 5, BS=diboJ eom parable to that obseiu'ed in the morphologieal 
and I IS trees (Figs. 3, 4J. Once again. T. siihniuliim \'ar. ulivnuiu is sister to T. 
caespilosun] and T. piihcsccns. and there is inei'eased support lor this topoKygy 
(BV=2; BS=(Sb%J. The other Thclcspcnmi elade recovered in the allozyme analy- 
sis O' ig. 5) consists of T. murpi iiiil uni T. suhniulu ni and T. lonpipcs. which group 
together with moderate support tBV-2; BS= 70)oj. Nearly identical support 
(BV'= >; BS=7‘-)‘/o) e.xists lor the placement of 1'. nuirgi nul iiin as the sister taxon to 
T. suhnuJuni and T. lonpipcs. 

Combined Data Set Analysis 

Statistical ctunparisonsol trees resulting Irom the indiv idual dati 
that they were highly congruent and amenable to being combined in a single 
analysis. This combined analysis ol mcvrphologv', allozymes, and nrDNA -/ IS 
sequences resulted in a single most-parsimonious tree, the topology ol which 
wvis identical to that of the analvsis based on allozvmes alone (Fig. 6j. Boot- 

y y ^ 

strap and Bremer support values tor the ( /Hcugiikd imi (suhniuhun 
clade are not sitinil icantl v diflerent Irom those derived I rom the allozvmc anal v- 

'I i V j‘ 








sis. Support lor the (alpinuni { piihcsccns ccicspitosuin )) clade is increased b\’ 



combining data sets. The assoeiation ol these thi'cc taxa issu 




a 1 00'>o 



bootstrap estimate, and the Bremer suitport value increases to 12. Statistical 



Tab.e 7. Pair-wise divergence in nrDNA-ITS sequences for Thelcspernio and fi/dens. Percent divergence above diagonal; total number of nucleotide differences 
below diagonal (generated in PAUP 3,1). Codes for taxa provided in T.ablE 6. 
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too 




‘ — ^ — — -- - - - 


12 

1 







1\ puhesccns 



7! cciespuosum 



T. suhmhim 
vai . alpirmm 



75 

2 



78 

3 



7’. mar^inahim 



T. suhnudum 



/'. lon^ipcs 



I 

i 

( 

_ r;^ ^ B. cernna 

Fig. 5. Single most-parsimonious tree from an exhaustive search based on allozyme data only. Bootstrap values are 
above the line, Bremer support values are below. Length= 75, Cl= 0.827, Rl= 0.690. 



support lor the placerncnt oi T. suhniicliim var. aipinum as sister to the other 
two taxa increases as well (BV=4; BS=94‘/a). 



i:)isaissiON 



We gathered inolecular and morphological data, which were analyzed sepa- 
rately and in combination toobtain the best estimate ol the phylogeny ol the T. 
.siihniidu/i] compic.x. Tree topologies were highly concordant, and the single 
most-parsimonious tree from the combined analysis was more resolved and 



e 




support o\’crany ol the indi\'idual anaK'ses. 



xhi hired im 



rhe level ol congruence among data sets in this study indicates that 
allozymes contain valuable phylogenetic inlormation that can be recovered 
through parsimony analysis. Tlris suggests that concerns regarding the inde- 
pendence of characters (SwolTord et al. 14%) should not disqualily allozymes 
froiri playing at least a limited role in phylogenetic studies. Because this ap- 
proach is relatively untested, however, we will refrain Irom placing undue em- 
phasison the allozyme tree in the lollowmg taxonomic discussion. Thisapplies 

at tree may be un- 




to the combined analysis as well, because 
dulv influenced bv the relative abundance of inlormatix’eallozvmc characters. 

J J ^ 

The taxonomy outlined belou’ addresses only those patterns independently 
observed in all data sets. 

The relationships portra\cd in our 
as follows. Thelcspcnmi puhcsccnsiind T.aicspitosun} arc closest relatives, lorm- 
ing a clade in all anah scs and showing \ er\' little divergence I rom cate another 



trees can be summarized 
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T. puhescens 

T. caespitosiim 

T. suhmidum 
var. alpimmt 

T. marginatum 
T. suhmidum 
T. longipes 
T. fdi folium 
T. megapolamicum 
li. frondosa 

B. cemua 



Fig. 6. Single most-parsimonious tree derived from combined analysis of allozyme, morphology, and /TS-DNA data sets. 
Bootstrap values are above the line, Bremer support values are below. Length= 137, Cl= 0.905, Rl= 0.772. 



(Tables 4 & 7). Another relationship consistent across all analyses is the place- 
ment of T. subnudum var. alpinum as the sister taxon to the T. pubcscens/ 
caespitosum clade. Bootstrap support lor this topology ranges from 88% in the 
morphological analysis to 100% in the combined analysis. Relationships among 
other taxa of the Thelespernui subnuduni complex are poorly resolved, with the 
aforementioned clade lorming a polytomy with T. subnudum, T. murgi natum. 
and T. longipes in the morphology and /7'5 analyses (Fig. 3). In the allozyme and 
combined analyses (Fig. 4), those three taxa lorm a separate, moderately sup- 
ported clade with T. marginatum basal to T. subnudum and T. longipes. These 
results are not wholly concordant with any ol the proposed classifications of 
the T. subnudum complex summarized in Table 2, suggesting that nomencla- 
tural changes are warranted. 

The Thelespenna pubescens/T. caespitosum clade 

Dorn (1990) recognized both taxa in this clade at the species level; Cronquist et 
al. (1994) combined them (and 1. subnudum var. alpinum) under the name T. 
pubescens. Welsh et al. (1993) were mute on the matter ol T. pubcscens (which 
was not known to occur in Utah at the time the flora was published), but prob- 
ably would consider it a variety ol T. subnudum, the treatment accorded to T. 
caespitosum. The last classification is the least practicable in light ol the data 
presented in this study To treat T. caespitosum asa variety of T. subnudum and 
maintain monophyly, our data (Figs. 3, 4) indicate that other species would have 
to be subsumed within T. subnudum as well. These include T. marginatum, T. 
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hmy^i pcs, and iTossibU' c\’cn /idi/t’/ium. VVc consider such a species concept, 
eneompassing ta.xa nor previously included in the T. suhnuclum comple.x, to be 
unacceptably broad. 

Ourdata indicatethat ihclespenua /ai/k’.seen.s and T.ccicspilosumarc sister 
ta.xa showing minimal generic divergence. Thc\' dil ler by a single morphologi- 



cal character iinmlving the rlistribution ol pubescence on the leaves (Tables 3 
iSi 4: Dorn 1990). Recent collections Irom near Anthro Mountain on the West 
Tavajiuts Plateau in Duchesne Co., LTah (I3RY- (KUhirich ct ill. 25159) provide 
additional insight on their relationship. In that population. 




ants 



range from has’ing strict!}' petiolar pubeseenee ( /. ciicspitosuni t\']X') to com- 
plete leaf blade pubescence (T ptihcsccns type). Whether a result ol incomplete 
primary divergence or secondar)' convergence resulting I rom hx'bridization or 
selection, there is complete intergradation. It appeals that distribution ol pu- 





' as eon 



a tenuous loun- 



bescence, in the absence ol correlated chai'aeteristies. is 
elation leTr recognizing species in tlie f. suhniidtim complex. 

Under the Biological Species Concept (Ma\'i- 1942), T. ccicspitosiiiu and 1. 
pithcsccnsiu'c "groups of actually or potential I }' interbreeding populations" that 
probabi}' should be recognized as conspecilic. Invoking the Cohesion Species 
Concept dempleton 19(S9), T. puhcsccns and /. cticspitdsnm i 
sjx'cific based on phenotypic similarities(cohesion)due togene 1 K'>w by means 
of presumed interbreeding. Because these two ta.xa lack unique, diagnosable sets 
of morphological and molecular characteristics and ck'in’t appear to have sepa- 
rate evolutional'}’ trajectories, they also would be considered a single species 

ecies Concept (Cracral t 1983; Da\'is Cr Nixon 1992). 
With regard to the cacspilosiun puhcsccns clade, our data are most con- 
gruent with the classil ication presented by Cron(.|uist et al.(1994). In that treat- 




ment, T. puhcsccns is considered speeil ical I}' distinct I rom 7. suhniuluni with 7. 
ccicspitosuni included within T. puhcsccns. We propose twomodilicationstothis 
classification, hirst, weexclude T.suhniulum vur.ulpinuni from synoinanx' with 
T. puhcsccns for reasons that will be discus.seci below. Second, we propose to rec- 
ognize T. cucspiu^suin as a variet}' ol T. puhcsccns. hxcluding the intergradient 
population on Anthro Mountain, Utah, there is a delinite correlation among 
pubescence, substrate, and geograph}’ (Table f; lag. 1 ). We led that the incipient 
di\’ergence in this clade is best recognized at the varietal le\el. 



Origin and relationships of ThclcsfH’ntta .scihiiiidiim var. alpinum 

7'his taxon appears to be exclusix’cK’ tetraploid ( I able (a), a point that is central to 
h}’[X')theses regarding itsevolutionar}' origin and to itselassil ication. letraploids 
typicall}' are derived I rom diploids through the incorixtration ol additional sets 
of chromosomes (see I larlan Cr DeWet 1973), and the}’ arc inlormally grouped 
accord ine, to the si mi lari tv ol their const it uent qenomes (Crawlor 
loids containing genomes that are \'ery similar chromosomally and genetically 
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(usually derived I rom within a single species) are considered autopolyploids. 
Because o( genetic similarity to their progenitor diploids, autopolyploids are 
rarely given species status (e.g., Mosquin 1966). Polyploids that contain well- 
dif lerentiated genomes (olten obtained through hybridization between differ- 



ent species) are considered allopoK ploids and usually treated as distinct spe- 
cies. The proper classification ol T. suhniuhim var. alpinum thus hinges on 
whether it proves to be an autopolyploid or an allopolyploid. 

Classilications ot this taxon by Dorn (1990) and Welsh et al. (1993) imply 
that itsclosest relative is Thelcspcnua subnud urn, and suggest that it may be an 
autopolyploid derived from within that species. Two lines of evidence refute 
that putative relationship. Although the taxon showssome morphological simi- 
larities to T. subnuchim (Dorn 1990), the ITS sequence data clearly indicate a 
closer relationship to T. pubcsccns and T.aicspitosum. In fact, all data sets devel- 
oped during this study support the placement of T. subnmium var. a I pi mini as 
sister to these taxa, not T. submitliini var. subinuhwi (Figs. 3 & 4). Further evi- 



dence that var. a I pi niwi is nc)t an autopolyploid derivative ol T. subnuci uni comes 
from the lact that known autopolyploids abound in this species and do not re- 
semble var. alpinum. These undisputed autopolyploids in T.subnuduni appeared 
identical to diploid 7. subnudiini in morphc)logy and ITS sequences (Table 7). In 
our analyses, they were recognizable only through chromosome studies or the 
detection ot unbalanced heterozygosity in allozyme markers shared exclusively 
with diploid T. .‘mbnudum. 

Despite sign il icant genetic similarity, it also seems unlikely that Thclcspcrma 
subniidum var. alpinum is an autopolyploid derivative of either T. pubescc ns or T. 
cacspito.sum. It varies toward Tsubnudum in some morphological characters, most 
notably the somewhat creeping rootstock. The two taxa arc similar enough to 
convince Dorn (1990) to maintain them as varieties of a single species. The pres- 
ence, in most individuals, ol aPGI-1 allele otherwise loundonly in Tsubnudum 
and T. marginatum provides further e\'idence of genetic links to taxa outside the 
T. pubcscens/cacspitosum clade. Yktriety alpinum also shows stweral 
autapomorphic traits that distinguish it I rom T. pubescens and T, caespitosum, 
including pubescent 1 lowering stems and unique allozyme variants. 

We suspect that T subnudum var alpinum may bean allotetraploid result- 
ing from hybridization between diploid T. subnudum and either T. caespitosum 
or T. pn/jc.secMS. This would explain the pattern of shared characters and appar- 
ent morphological intermediacy that has led to such divergent classifications 
(Dorn 1990 vs. Cronquist et al. 1994). It also would explain allozyme banding 
patterns at the PGl-1 locus, where most individuals of varalpinumare heterozy- 
gous for alleles derived from the pubesccns/caespitosum and subnudum/ 
margi natum clades respectively. At this one locus, var. alpinum approaches fixed 
heterozygosity, one ol the genetic hallmarks of allopolyploidy. The absence of 
fixed heterozygosity at other allozyme loci may be due to homoeologous chro- 
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inosoine pairing or extensive gene silencing (Windham 1988). Over time, a 



lopolyploids lose expression ol duplicated parental genes through various ge- 
netic processes, especially null mutations (Roose & Gottlieb 1976; Werth Gr 
Windham 1991). Given enough time, the polyploid taxon becomes genetically 

“diploidizcd” (Grant 1981). 

A parallel process may explain the lack ol diagnostic T. suhnuduni ITS se- 



quences in var. alpinuni Recently lormed allopoK'ploids would be ex 




to 



s h ovv 




oid parents (Soltis et al. 1995; Coed< (Sr Soltis 



1999; 2()Q0;Gernandt (Sr Liston 1999). With rime, however, ITS loci olten experi- 
ence concerted evolution, which randomly eliminates one ol the parental .se- 
quences (Sang ct al. 1995; Wendel et al. 1995; Polanco ct al. 1999). Under this sce- 
nario, var. alpinum still could be an allopolyploid hybrid in which the origina 
T. suhnuduni sequence has been lost to concerted evolution. 




bach ol 



e evolutionary origins (two autopolyploid and one al- 
lopolyploid) of Thclespernia suhnuduni var. cilpinuni discussed above would 
support adiflerent elassilication lor rhista.xon.The hyporhesisthat var.ulpinuni 
is an autopolyploid derived I rom T. suhnuduni, the only scenario congruent with 
the elassil ications ol Dorn (1990) and Welsh et al. (199.3), can be rejected, lo 
uphold cilpinuni as a variety under T. suhnuduni and still maintain monophyK', 



we warn Id have to ex 




cies del inition of T. suhnuduni to include the 



entire complex plus T. lonpipcs and, possibly. T. /ililoliuni (Figs. 3 (Sr 4). In our 
opinion, lumping hall ol the species in the genus 'niclcspcnmi into one species 
is not a desirable solution. 

Our data are not sulliciently robust to distinguish between an autopoK p- 
loid origin of var. cilpinuni I rom within the T. puhcsccns/cacspilosuni clade or 
an allopolyploid origin through hybridization betw’een members ol that clade 
and T. suhnuduni. Nevertheless, we can propose a elassilication that would be 
phylogenetieally congruent regardlessol which scenario proves more 




To include var. cilpinuni within T. puhcsccns (as done by Cronquist ct al. 1994) 
wcmld be cladistically indelensible if cilpinuni subsequently is shown to be an 
allopolyploid. Howe\'cr, il w'c anticipate that the latter hs'pothcsis is more plau- 
sible and recognize var. cilpi nutn as a distinct species, such a treatment remains 
valid in the event that cilpinuni maintains its current position as the basal 
branch of the T puhcscciis/cacspitosuni clade. Variety cilpinuni is morphologi 
eally distinct from the other members ol this clade and, because ol its polyp- 
loid chromosome number, is probably genetically isolated I rom the str 
loid taxa. Thus, it can be recognized as a species under the Biologiea 





eies 




Concept (Ma\r 
Davis (Si Nixon 1992; Davis f996). 



.metic Species ConcejTt (Cracral 1 1983; 



Other taxa in the Thelespenna subnuduiti complex 

The two remaining taxa typically assigned to this complex are T. suhnuduni 
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and 7. marginatum. Dorn (1990) treated them as distinct species; Cronquist et 
al. (1994) considered the latter a variety ol T. suhnudum. These taxa are part erf 
an unresolved polytomy in the morphological and ITS data sets (Fig. 3), but 
form a moderately supported clade with T. longipes in the allozyme and com- 
bined trees (Fig. 4). The placement of T. suhnudum as sister to T. longipes in- 
stead of r. marginatum in the latter trees suggests a relationship at odds with 
previous classifications, which exclude T longipes from the T. suhnudum com- 
plex. This result should be conlirmed by additional studies before taxonomic 
revisions are proposed. Even il the allozyme data are discounted, there still is 
no support lor expanding T. suhnudum to include T. marginatum as proposed 
by Cronquist et al. (1994). Recognition ol T. marginatum as a variety of T. 
suhnudum would require its placement as sister to T. suhnudum in a phyloge- 
netic analysis. That these two taxa do not lorm a clade in any of our analyses 
suggests that they should continue to be treated as separate species. Each has a 
unique, diagnosable set ol morphological and molecular characteristics indica- 
tive ol a distinct evolutional')^ trajectory, thus satisfying the definition of a phy- 
logenetic species (Davis & Nixon 1992). 

In order to implement the classilication outlined above, two nomenclatural 
innovations are necessary: 

Thelesperma pubescens Dorn \'ar. caespitosum (Dorn) C.J. Hansen, stat. nov. 

Basionym: TIu'le.spernui cucspitosuw Dorn, Madrono 37: 293. 1990. Type: U.S.A. 

W YOMING. Sweet water C(c; T1 8N. R 106 W,SEl/4 of SHl/4 of Sect. 31 andSWl/4of 



SWl/4 of Sect. 32, 5 km SF ol Creen River, barren white shale ridge, 
lun 1988, Dorn 4948(noi oi Yi’i-.: RM!). 







m. 22 



Thelesperma windhamii C.J. Hansen, nom. et stat. nov. Basionym: Thelesperma 

suhnudum A. Gray var. alpinum Welsh, Great Basin Naturalist 43: 369. 1983. Typiy 
U.S.A. Utah. Wayne Co.: T28S, R4E, SI 3 (NEI/4), 3 mi due N of Bicknell, bristle- 
cone pine forest on multicolored clay hills, 2745 m, 20 Jul 1980, Atwood and Th- 
ompson 7646a OlOl.OTYPl-:: BRY!). 



This new name lor T. suhnudunt var. alpinum honors the junior author, M.D. 
Windham, who proposed and co-directed the study. We chose not to raise the 
epithet alpinum to species rank because the taxon never occupies truly alpine 
habitats and most populations occur at moderate elevations (ca. 2200 m) in 
semi-desert regions. 



KEY TO THE TAXA IN THE THELESPERMA SUBNUDUM COMPLEX (aSTERACEAE) 

1. Leaves and stems glabrous or essentially so; leaves mostly 3-9 cm long;stems mainly 
9-35(-50) cm tall, scattered along a somewhat creeping rhizomatous rootstock- 
rays present or absent; plants widely distributed. 

2. Ray florets present (rarely absent), scarious margins of inner involucral bracts 
mostly 1-1.5 mm or more wide; Nevada, Utah, Arizona, New Mexico, and 

Colorado ^T. subnudum 

2. Ray florets absent, scarious margins of inner involucral bracts mostly 0.5-1 mm 

wide; Wyoming, Montana, Alberta, Saskatchewan T. marginatum 
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1. Lijaves 01 lower sUmvis pul )L'S(:ent; l<‘c)vi‘5 l.S -1 cm lonq; stems mainly ^ 1^:/ 



( I 



lal 



dusiered on a 1 Inc k, hrain 




caudex with old, i)orsistenl leaf IsaseS; ray llofets 



al )sent; 




nition fostricted. 



I I'afSpus a toothed crowiy lowef [)ortion ol tloweiinq stems puh< ‘sceru; f )lants 



lorn Wctvne Co., Utah 



T. windhamii 



3. 



Vippiis at)sent; lower isortion of flowerinci stems <ilabrous;[)lants lioin NF Utah 
jfui SW Wyominc], 



I. Ltov(o pubescent tlifoucjhoul; [slants ,if )peanfua giay (ireen 



_ T. pubescens 
vai pubescens 



4. Lea ‘‘‘j e s 




escent of ily on [jetioles cor (rareb ) ori thu f)fuvimal f)ortiofi of the 




a ■ 

f 




s rippeai inp qiet.’n 



T. pubescens var. caespitosum 



k is hoped that this revision ol the I hclcspcnna subinulnm eomplex will re 
solve some of the taxone»mic eonlusion in the group. Although the treatment o 
T. piilk'i^icns and 7. aic^pitosum as ecmspeeil ie makes the aggregate taxon less 
rare, long-term monitoring and land management still will he necessary. All 
three rare ta.xa are restricted to speeilic substrates, and populations ol T. 
pu/H'.'tee/i.s' near Green Rix'crand l lieke\' Mountain in Wycuningareenclangered 
due to olf-road x'ehicle use and oil and gas dewUipment. Populations ol T. 
winillhimii loeated west ol Tea.sdale, Utah, are similarK' threatened by oll-road 
vehiele use. 

lo improve phylogenetic resolution, luture studies should sequence more 
rapidly evolving regions ol the Tlu'lcspcrnui genome, sueh as the external tran- 

spaeer regions (d ribosomal UNA (Balchxan Nr Markos 1098 j. Artilieial 
hybridization studiesalso might prove uselul lor revealing reprcxluctix'c barri- 
ersand species bcumdai'ies. lUtimately. research should be expanded to include 
all ta.xa ol I ht’lcspcn}}u. I.X’ciphering relaticxnships within Thclespenua will aid 
in identilying possible sister genera and therebx’ ecuitribute to lUir knc'iwled 
of highei' level relationships in the Gixreopsidinae and I leliantheae. 
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